pipette puller (Digitimer, Hertfordshire, UK), painted with Sylgard 184 (Dow Corning Corp., Midland, MI, USA) and fire polished. The softening temperature of soda lime glass (~580-600 o C) and dielectric constant (~7.8) are similar to Corning 8161 glass (softening temperature 600 o C and dielectric constant 8.3) used in references (3;4) . Some borosilicate electrodes were also fire polished next to a molten bead of soft glass to coat the tip as described in (3) .
The resting membrane potential in astrocytes was ~ −50 mV as measured upon breaking into whole-cell mode. Pressure and suction were applied to the pipette by an HSPC-1 pressure clamp (ALA Scientific Instruments, NY, USA) controlled by pClamp software. Long pressure steps (>1 sec) produced a steady state creep of the dome edge requiring the flow of new membrane into the tip (5) or unfolding of membrane within the seal. We minimized the contribution of pressure induced creep to the patch geometry by using short (0.5 sec) pressure steps. Patches were generally formed with weak (~2-4 mmHg) suction. Off-line data analysis was performed with Clampfit and Origin 7.0.
Normal pipette saline contained (in mM): KCl 140, EGTA 5, MgCl2 2 and Hepes 10; pH 7.3, and pipette resistances ranged from 2-4 MΩ. The pipette salines used to investigate seal properties are defined in Results. Since E a was measured at the junction of the dome and the glass we only varied the pipette saline. However, since patch creep may be affected by the ionic composition through the entire seal, we used symmetrical ionic conditions for these measurements. Excised patches were perfused with a BPS-8 (ALA Scientific) perfusion system.
Patch impedance was measured as previously described (2).
Fluorescence and Video microscopy: Patch motion was visualized with differential interference contrast optics on a Zeiss Axiovert 135 inverted microscope (Oberkochen,
Germany). The patch dome was aligned perpendicular to the shear axis of the Wollaston prisms, and the pipette approached the coverslip at ~15 o for cell-attached patches. For excised inside-out patches the pipette was pressed against the coverslip to bend the shank parallel with the glass surface. The imaging optics were a Zeiss 63× 1.4 NA oil immersion objective and a condenser made of a 40× 0.8 NA water immersion objective (6) . Images were collected at 30 frames s Statistical analysis: Statistical differences between E a values for the different conditions were evaluated with a two sided t-Test using at 5% significance level.
Video S1
Videos showing patch formation on a myotube (slowly remodeling) and an HEK cell (actively remodeling). Video speed ~14X faster than real time. After the patch tip touches the surface ~-3 mmHg is applied to each pipette. During myotube patch formation the suction was briefly released several times during which time the patch was pulled back toward the cell. During patch formation on the HEK cell, the suction was reapplied several times near the end of the video to induce seal formation. In both patches, multiple bleb-like structures appeared before seal formation. Gigaseals for both patches did not form until the last 0.2 seconds of each video, when we observed a rapid stiffening of the patch dome. The patch shape from the HEK cell is much more irregular than that from the myotube.
Video S2
(A) Video of initial restructuring of an astrocyte patch as in Figure 2A .
With 500 ms pressure steps, the membrane that is folded on the left peels apart and seals to the right side of the pipette. This form of "exercise" relaxes cytoskeletal stresses. (B)
Initial restructuring of a COS patch in Figure 2B with pressure steps. A tether of membrane extending upward from the left side of the patch inflates during the first pressure step producing a bleb of membrane with a clear phase separation at the base of the bleb. When the patch was allowed to rest, the unusual initial geometry returned, and this shape change could be repeated several times showing that underlying cytoskeletal structure was quite robust.
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Video S3
Time lapse video of three cell types (from left to right -myotube, astrocyte and HEK cell) with different rates of membrane remodeling (room temperature). The time lapse is 1 second in video = 2.5 min. The myotube cortex is relatively stiff and stable over many minutes. The HEK cortex is constantly remodeling and extending filipodia and lamellipodia. Cell types with greater remodeling rates have a more complex initial patch structure.
Adherent Surface
Upper Surface Figure S4 .
(A) Focusing on the adherent and upper surfaces of an astrocyte stained with Oregon Green labeled lectin (wheat germ agglutinin) shows that the distribution of glycocalyx differs between the surface in contact with the glass and the surface facing the media. This emphasizes that patches made from the upper surface do not represent the average cell properties. Patches made from labeled cells shows no fluorescence above background in the seal or the dome. (B) Shows that glycocalyx is excluded during patch formation. The fluorescence images were produced with long exposure times (3 seconds) and contrast enhancement to show the distribution of the weak lectin fluorescence on the cell surface. Contrast enhancement increased the appearance of autofluorescence of the glass which is why the outline of the pipette can be seen in the images, but notice that the intensities above and below the dome are equal (*) and hence not part of the patch. (C) Focusing on the pipette tip in contact with the cell shows an aggregation of labeled particles on the cell surface just outside the tip (**). 
Streaming potentials in a cone and an annulus
The streaming potential of a shallow cone is:
( ) The cells probably had surface potentials of about -20mV (4) and the gigaseal space is likely to be highly cation selective. If we approximate the seal as a thin conducting annulus with charged walls (the charge is approximated by the mean of the glass and membrane), the streaming potential predicted by a Smoluchowski-Helmholtz calculation is: (cylinder) . We know from the high resistance of the gigaseal that h cannot be > r D for normal saline and even if they were equal, the streaming potential would be in the range of nV/mmHg so that we are unlikely to measure the streaming potential of the seal. Previous studies showed that creep was eliminated when patches were formed in soft glass pipettes (1;2). We measured the surface potential of several glasses using the streaming potential and found soda lime pipettes to have a negative surface charge about half that of borosilicate (see Fig.  S6A and B). In soft glass pipettes, patches showed a smooth, voltage-dependent, upward patch creep, although it was significantly slower than observed in borosilicate (A, n = 4). Inside-out patches in soft glass showed an asymmetric voltage dependent creep (B, in symmetrical pH 7, n = 2) similar to pH 5 patches in borosilicate However in soft glass the asymmetry of the creep reversed at pH 7 The patches in borosilicate. However, in soft glass the asymmetry of the creep reversed at pH 7. The electroosmosis equations are symmetric in voltage so that reversing polarity should reverse the creep direction. Thus the origin of this asymmetric motion is not clear, but it could be related to the taper of the pipette where subtle geometric asymmetries become pronounced.
Although creep is significantly reduced in soft glass, the voltage dependence remains. However, it should be noted that there are significant differences between the patches in the Gil, et.al. 1999 
Electroosmosis and creep
Electroosmosis appears to be the force driving voltage dependent patch creep. The fact that the membrane and glass surface charges are negative, substituting larger less mobile cations in the saline slows the rate of voltage dependent creep, and the surface charge can be titrated with pH, all support the idea that the seal space is normally filled with mobile cations. The reversal of voltage-dependent creep direction at pH 5 is consistent with the idea that acidity creates a positively charged space that conducts more anions than cations. The surface potential of borosilicate glass (the ζ potential) varies from about -40 mV at pH 2 to -80mV at pH 10 (1) and is not likely to be significantly titrated at the pH values we used, suggesting the titrated charges are associated with the membrane.
The factors that are expected to decrease surface charge (i.e., high ionic strength, low pH with negatively charged surfaces and soft glass) cause a decrease in the voltage dependent creep rate. Interestingly, the voltage sensitivity of the creep rate for myotubes was nearly twice that of astrocytes, suggesting the excitable myotube membrane may also have greater surface charge.
The use of negative pipette potentials to enhance patch formation can probably be attributed to inwardly directed electroosmosis.
The upper limit of the creep rate is the velocity of water in the seal. That can be estimated from the Helmholtz mobility, v = εζE/η (2) where ε is the permittivity (80*8.85 pF/m for water), ζ is the surface charge (~-50mV), E is the tangential electric field (the applied voltage/seal length) and η is the solution viscosity. If we assume E = 50 mV/10 μm = 5,000 V/m, and η = 1cP = 0.001 Ns/m 2 the water velocity would be 10,620 μm/min, much faster than the measured patch creep of ~1 μm/min. Thus, the creep rate is probably limited by the viscosity of the space which must be much higher than water as suggested by models of the seal resistance (see text and below). If the viscosity of this space increases as E a increases (compressing the extracellular matrix) that could explain why the voltage sensitivity of the creep rate is pH dependent. As pH decreases, E a increases, and we expect this to produce greater friction between the glass and the GΩ , the predicted pressure dependence was V creep = 2 μm/min, much faster than we observed (3) . Again this argues for the speed being limited by a viscosity within the membrane flowing over immobilized proteins.
